abstract BACKGROUND: Research on resident workloads has focused primarily on the quantity of hours worked, rather than the content of those hours or the variability among residents. We hypothesize that there are statistically significant variations in resident workloads and better understanding of workload intensity could improve resident education.
Physician workload, especially among trainees, has been an active area of research since the Accreditation Council for Graduate Medical Education (ACGME) duty hour standards were implemented in 2003. Numerous studies have linked resident workload to wellness and education [1] [2] [3] [4] [5] [6] ; however, the vast majority of existing research on resident workloads has focused on the quantity of hours worked, rather than the content of those hours. Additionally, most research has studied self-reported hours data, which can be unreliable.
Objective data are sparse: a systematic literature review by the ACGME in 2010 identified 807 articles published on resident duty hours and related topics. 7 Of these publications, only 2 analyzed the number of orders entered by clinicians (3101 orders were studied by Stahlfeld et al 8 and 8195 orders were studied by Hendey et al 9 ), 2 quantified average patient census, 10, 11 and none analyzed the number of notes written. Residents spend a significant amount of time on clinical documentation, as demonstrated by time motion studies dating back to 1961. [12] [13] [14] Recent publications repeat these findings: 3 studies conducted since 2012 show that interns spend between 20% and 40% of their time in front of computers, on tasks such as note-writing, order-entry, and other indirect patient care involving electronic health records. [15] [16] [17] We propose that notes and orders make accurate markers for physician workload, as they are objective, numerous, and easily quantified.
Resident workload variability is also poorly understood. Previous studies on resident workload variability were conducted in the context of evaluating "clouds": the concept that some physicians, who are said to have a "black cloud, " experience a more burdensome quantity or quality of work than their colleagues. [18] [19] [20] Although this phenomenon is often discussed and debated among physician trainees, it remains unproven. An analysis by Walling 18 examined internal medicine interns and reported significant variability in the number of patients admitted on call nights. However, studies by Meyr et al 19 on podiatry residents and Tanz and Charrow 20 on pediatric interns found no significant variation in workloads. The existence and extent of resident workload variability remains unclear.
We hypothesize that there are statistically significant variations in resident workloads that could have a substantial impact on resident education, physician wellness, and patient care. We aimed to quantify resident workload variability by analyzing and comparing the workload of Stanford Children's Health residents, as measured by the number of notes and orders written. 
METHODS

Data Collection
Survey: Self-Perceived Workload Intensity
To obtain subjective data about residents' self-perceived workload, interns were surveyed regarding their own workload intensity, as described by cloud status. Twentytwo of 26 residents responded with a rating between 1 and 10, with 1 corresponding to a "very white cloud" and 10 a "very black cloud." The survey was approved by the Stanford University institutional review board under protocol ID 29539. Tables 1 and 2 shows the number of notes written and orders entered by rotation and in aggregate. The total number of notes written per intern in core rotations ranged from 595 to 945 (mean = 780, SD = 80). The total number of orders entered per intern ranged from 1776 to 6004 (mean = 4316, SD = 1057). On average, the high workload residents, defined as the top quartile of combined notewriting and order-entering workload intensity, wrote 91% more orders and 19% more notes than the low workload residents in the bottom quartile.
RESULTS
Data Overview
Workload Intensity
The intensity of each resident's workload was plotted by rotation. Figure 2A shows the percentage of total orders entered by each resident, by rotation and in aggregate. Figure  2B shows data for note-writing.
There was statistically significant order-entry and note-writing workload variability when analyzed by rotation and in aggregate, as calculated by χ 2 test (P < .001).
Each resident's note-writing workload intensity was also compared with her or his order-entry workload intensity, as shown in Fig  3. Interns in the right upper quadrant wrote an above-average number of notes and entered an above-average number of orders during their intern year. Residents in the left lower quadrant had a below-average workload for both note-writing and order-entry. There was a statistically significant correlation between note-writing and order-entry workload intensity as calculated by linear regression analysis (R 2 = 0.22, P = .02).
4 X  159  135  57  186  188  156  881  Y  94  101  53  171  125  145  689  Z  199  164  67  167  194  154  945  Total  4020  3500  1445  4014  3596  3705  20 280  Average  155  135  56  154  138  143  780  Std Dev  33  28  12  27  33  28  80  1st Quartile  133  112  50  144  124  120  748  2nd Quartile  156  140  57  164  137  144  802  3rd Quartile  179  155  64  172  161  163  831 An alternative description of workload intensity is shown in Fig 4, which depicts a workload intensity index that combines the note-writing data and orderentering data, as described in Equation 3 . This index can also be described as the distance from origin for each data point in Fig 3. This methodology accounts for the magnitude of work completed by each resident and describes incremental differences between residents. We defined high, medium, and low workload intensity resident groupings using this methodology. Figure 5 shows the correlation between each resident's objective workload intensity and his or her subjective, self-assigned workload assessment. Linear regression analysis did not show statistical significance (R 2 = 0.14, P = .09). Interestingly, residents avoided the extremes when reporting their workload intensity. The range of reported values was 4 to 8, with a mean of 5.5 and a median of 5, suggesting that most residents believe their workload was close to average.
Survey: Self-Perceived Workload Intensity
DISCUSSION
We present a novel, quantitative, large-scale analysis of physician trainee workload. Our investigation indicates that there is significant intra-and inter-rotation variability in resident workload, as measured by note-writing and order-entry data. On average, the high workload residents entered 91% more orders and wrote 19% more notes than the low workload residents.
Although most previous studies have not found a significant difference in workload variability among residents, these studies may have been limited in scope. In our analysis, we studied more resident shifts than the combined total of all previous studies. Furthermore, our use of notes and orders as markers for resident workload enabled the analysis of many more data points. Additionally, although available research on resident workloads has focused on self-reported data, such as duty hours or pages received, which may be unreliable, our study characterizes strictly objective data obtained from electronic medical records.
Although a root-cause analysis of why resident workload differences exist is outside the scope of this
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FIGURE 2
A, Percentage of total orders entered per resident, by rotation. Relevant to the discussion, we also offer the possibility that workload variability may be a function of trainees themselves. Although high workload residents could be receiving a disproportionate share of educational opportunities by random chance, they might be hypervigilant or inefficient workers who "create work" for themselves. This explanation is consistent with findings from Tanz and Charrow, 20 who found that the reputation and self-perceived workload of "black cloud" residents had an inverse correlation with hours of sleep, but not actual workload. Alternatively, high workload residents may be effective workers who are covering for inefficient or inexperienced colleagues on teambased rotations. Similarly, although low workload residents may simply be missing out on educational opportunities, they also could be inefficient workers who are "shielded" from normal appropriate workloads by their coresidents and supervisors due to poor performance.
Ultimately, our data show that workload distribution among physician trainees is unequal. In an ideal training environment, the workload intensity distribution in core rotations would be uniform, to allow equal learning opportunities and clinical service burden. Our findings yield concerns for both 6
FIGURE 3
Correlation between order-entry and note-writing workloads. The total number of orders entered by each resident was divided by the average to obtain a comparative measure of workload. This was repeated for notes and plotted for comparison. Residents in the upper right quadrant wrote an above-average number of notes and orders.
FIGURE 4
Workload intensity index: a measurement of overall workload. Each bar represents the total workload of one intern. The number of orders entered was compared with average, and added to the number of notes written compared with average. Striped bars represent order-entry workload; solid bars represent note-writing workload.
high and low workload residents. In either case, there exist opportunities for residency training programs to optimize their workload distribution and for residents to improve the way they approach and process their work.
Of note, linear regression analysis did not find a statistically significant correlation between objective and self-perceived workloads. These findings are consistent with studies by Myer et al 19 and Tanz and Charrow, 20 and suggest that the "black cloud" phenomenon is not a function of actual workload. Given the inverse association between cloud status and sleep described by Tanz and Charrow, 20 the cloud phenomenon may be driven by other factors, such as a trainee's emotional interpretation of his or her workload.
Implications for Program Directors
Our results can inform the curriculum development and trainee assessment tools on which residency program directors rely. The historical approach to resident assessment has been largely subjective, relying heavily on descriptive feedback. The ACGME Pediatrics Milestone Project, implemented in 2014, was a significant step toward the creation of valid, standardized educational goals and the achievement thereof. 22 The availability of an objective workload report, as described in our data, could supplement the Milestone Project by offering a reproducible, quantifiable, and impartial means of assessing resident activities. For example, one of the ACGME Pediatrics Milestones within the Patient Care section is, "Organize and prioritize responsibilities to provide patient care that is safe, effective, and efficient." 23 If there is concern about a resident's ability to complete her or his patient care responsibilities, it would be helpful to have an objective description of that resident's workload intensity. A resident burdened by an unusually large workload requires different support and interventions than a resident who is struggling with a normal or below-average workload. Objective data regarding residents' workload could help inform resident development and the achievement of ACGME Pediatrics Milestones in all ACGME competency areas. 
Limitations
CONCLUSIONS
We describe significant variations in workload among pediatric residents. This disproportionate resident workload may contribute to heterogeneous educational opportunities, physician wellness, and quality of patient care.
